Introduction {#j_jtim-2020-0008_s_001}
============

Celiac disease (CD) is chronic autoimmune disorder that affects genetically predisposed individuals who develop an immune reaction to gluten-containing food. The disease primarily affects the small intestine; however, the clinical manifestations are broad, with both intestinal and extra-intestinal symptoms.^\[[@j_jtim-2020-0008_ref_001]\]^

Worldwide, the prevalence of the CD is approximately 1--2% and varies greatly from region to region. A recent large study conducted in Europe indicated the prevalence of CD as about 1%, ranging from 0.3% in Germany to 2.4% in Finland.^\[[@j_jtim-2020-0008_ref_002],[@j_jtim-2020-0008_ref_003]\]^ It appears to be greater in women than in men. CD is also common in extra-European countries, particularly the United States, South America, Middle East, Northern India, and North Africa, where the highest rate has been reported in the Sarahawi population.^\[[@j_jtim-2020-0008_ref_004]\]^

Several studies have shown that CD is increasing in many countries. It might be due to advanced diagnostic techniques and increased disease awareness. The rise in the prevalence has also been reported from historical CD areas (northern Europe and the United States), and more interestingly, it is spreading to new regions (Asian countries). The diet habits, particularly in gluten consumption and infant feeding patterns, are probably the main factors behind these new changes in CD epidemiology.^\[[@j_jtim-2020-0008_ref_005]\]^

The prevalence of CD in Middle Eastern and North African regions was lower than other regions. However, with the improvement in diagnostic techniques, CD has also been increasing in these regions^\[[@j_jtim-2020-0008_ref_006]\]^ and become similar to that of North American and European countries^\[[@j_jtim-2020-0008_ref_007],[@j_jtim-2020-0008_ref_008]\]^

Two studies from Saudi Arabia suggested that it maight be one of the highest in the whole world. ^\[[@j_jtim-2020-0008_ref_009],[@j_jtim-2020-0008_ref_010]\]^

The prevalence observed in Saudi regions was as follows: Madinah, 1.8%; Aseer, 2.1%; and Al-Qaseem, 3.2% . There was no statistically significant difference in the prevalence between Aseer and Al Qaseem. The prevalence in Madinah was significantly lower than that in other two regions.

CD is diagnosed by the combination of serologic testing and related duodenal histopathologic fidnings. However, according to recent guidelines, a diagnosis can be made without a biopsy, especially in children.^\[[@j_jtim-2020-0008_ref_011]\]^

Studies from different countries, including Europe, India, Iran, and Jordan, have demonstrated the linear relationship and strong correlation between the serologic tests and histopathologic changes. ^\[[@j_jtim-2020-0008_ref_012]-13\]^

CD disease has been underestimated throughout the world; however, data are not sufficient to support it strongly and most of the studies were on children. Besides, there are differences in genetics, race, and culture, and many countries depend on studies performed by other countries.

Objectives of the study {#j_jtim-2020-0008_s_002}
=======================

Aim of the study {#j_jtim-2020-0008_s_002_s_001}
----------------

It is important to find more evidence to support or oppose the notion for confirming the diagnosis of CD with serology and histopathology or serology alone.

Specific objectives {#j_jtim-2020-0008_s_002_s_002}
-------------------

1.  To study the correlation between tissue transglutaminase (TTG IgA) and duodenal biopsy changes in our patient population;

2.  Compare our findings with other countries based on the differences in culture, environment, and habits.

Secondary objectives {#j_jtim-2020-0008_s_002_s_003}
--------------------

To explore the prevalence of high TTG IgA with negative biopsy in Cceliac disease

Methods {#j_jtim-2020-0008_s_003}
=======

This is a retrospective cohort study conducted at the Ministry of National Guard Health Affaires (NGHA), which includes King Abdulaziz Medical City in Riyadh City, King Abdulaziz Medical City in Jeddah City, Imam Abdulrahman Bin Faisal Hospital in Dammam City, King Abdulaziz Hospital in AlAhssa City, Prince Mohammad bin Abdulaziz Hospital in AlMadinah City, and primary healthcare centers that are distributed throughout the kingdom of Saudi Arabia from April 19, 2015, till March 29, 2018.

This study used the BESTCARE system, which includes data from all NGHA facilities; data from 513 patients with CD were collected.

The inclusion criteria were all adult patients diagnosed with CD, aged 15 years or above, improved on gluten-free diet (GFD) and had not been on GFD before endoscopy or serology test, and TTG IgA level was measured at the same time or within 2--3 months of biopsy date.

The exclusion criteria were

1.  Negative duodenal biopsy less than 2 fragments;

2.  Patients with negative biopsy and negative serology;

3.  Patients who were on GFD before testing;

4.  Any patients known to have autoimmune disease or immunoglobulin deficiency that can cause similar histopathologic changes on small intestinal biopsy or false-negative serology.

CD is diagnosed by the combination of serologic testing (TTG IgA antibody titers) and small bowel histopathology findings. The TTG IgA level was measured in IU/mL and was labeled as negative (\<20 IU/mL) and positive (≥20 IU/ mL) based on the cutoff value, whereas duodenal biopsy findings were identified as Marsh classification groups:

Marsh 0: normal: \<30 IEL, normal crypts, normal villi;

Marsh 1: \>30 IEL, normal crypts, normal villi;

Marsh 2: \>30 IEL, crypt hyperplasia, normal villi;

Marsh 3a: \>30 IEL, crypt hyperplasia, mild villous atrophy;

Marsh 3b: \>30 IEL, crypt hyperplasia, marked villous atrophy;

Marsh 3c: \>30 IEL, crypt hyperplasia, complete villous atrophy.

Statistical analysis {#j_jtim-2020-0008_s_003_s_001}
--------------------

Data were analyzed using the statistical software; IBM SPSS Statistics 22.0 (SPSS, Inc., Chicago, IL). Demographic and descriptive data for categorical variables were expressed as count and percentage. For continuous variables, data were reported as median and interquartile range. The association between TTG IgA antibody titers and intestinal biopsy groups was assessed using Chi-square test. A Spearman's rho correlation test was used between TTG IgA antibody titers and intestinal biopsy groups. The normality of the data was assessed using a Shapiro--Wilk test. A 2-tailed *P*-value of ≤0.05 will be considered statistically significant.

Results {#j_jtim-2020-0008_s_004}
=======

One hundred thirty-four patients who met the inclusion criteria were included in the study. Median age of our sample was 24 years (16--37 years). Among these, 99 (73.88%) were female patients, whereas only 35 (26.12%) were male patients. Histopathologic findings of intestinal biopsy were divided based on the Marsh classification in consultation with histopathologist: Majority of patients were in Marsh 3a and 3b, that is, 32 (23.9%) and 64 cases (47.8%), respectively. Marsh 0 group was also notable with 16 cases (11.9%), whereas Marsh 1, 2, and 3c groups comprised only 8 cases (6%), 4 cases (3%), and 10 cases (7.5%), respectively.

The TTG IgA antibody serology group with ≥20 IU/ mL constituted the major part of the patients, that is, 121 (90.3%) *versus* 13 (9.7%) with \<20 IU/mL ([Table 1](#j_jtim-2020-0008_tab_001){ref-type="table"}).

###### 

Baseline Characteristics of Celiac patients.

  Characteristics                                        Total *(n* = 134)
  --------------------------------------------- -------- -------------------
  **Age (Median, IQR)**                                  24 (16--37)
  **Sex**, *n* (%)                              Male     35 (26.1)
                                                Female   99 (73.9)
  **Marsh Intestinal biopsy groups**, *n* (%)   0        16 (11.9)
                                                1        8 (6)
                                                2        4 (3)
                                                3a       32 (23.9)
                                                3b       64 (47.8)
                                                3c       10 (7.5)
  **TTG IgA groups**, *n* (%)                   \<20     13 (9.7)
                                                ≥20      121 (90.3)

Among all patients with CD who had negative biopsy (Marsh 0 group), all 16 (100%) patients had positive TTG IgA antibody. However, among patients with Marsh 1 group, 5 of 8 (62.5%) cases had negative TTG IgA antibody. Marsh 2 group comprised only 4 cases and all of them had positive TTG IgA antibody, whereas in Marsh 3a group, 3 of 32 (9.4%) cases had negative TTG IgA antibody compared with 29 (90.6%) with positive TTG IgA antibody. Furthermore, among patients with Marsh 3b group, 5 of 64 (7.8%) had negative antibody and 59 (92.2%) had positive serology. Of all biopsies of Marsh 3c group, all 10 (100%) had positive TTG IgA antibody ([Table 2](#j_jtim-2020-0008_tab_002){ref-type="table"}). For detailed biopsy group distribution within TTG IgA antibody cases, refer to [Table 2](#j_jtim-2020-0008_tab_002){ref-type="table"}, [3](#j_jtim-2020-0008_tab_003){ref-type="table"}, and [Figure 1](#j_jtim-2020-0008_fig_001){ref-type="fig"}.

![Distribution of Intestinal biopsy groups and TTG IgA antibody titers.](jtim-08-048-g001){#j_jtim-2020-0008_fig_001}

###### 

General distribution of Intestinal biopsy groups with TTG IgA groups.

                                                TTG IgA Antibody titres   Total       
  ------------------------------------ -------- ------------------------- ----------- ----
  **Marsh Intestinal biopsy groups**   **0**    0 (0)                     16 (100)    16
  (*n* \[%\] within groups)            **1**    5 (62.5)                  3 (37.5)    8
                                       **2**    0 (0)                     4 (100)     4
                                       **3a**   3 (9.4)                   29 (90.6)   32
                                       **3b**   5 (7.8)                   59 (92.2)   64
                                       **3c**   0 (0)                     10 (100)    10

###### 

Comprehensive distribution of intestinal biopsy groups with TTG IgA subgroups.

                                                TTG IgA 3 groups                
  ------------------------------------ -------- ------------------ ------------ ------------
  **Marsh Intestinal biopsy groups**   **0**    0 (0.0%)           10 (37.0%)   6 (6.4%)
                                       **1**    5 (38.5%)          2 (7.4%)     1 (1.1%)
                                       **2**    0 (0.0%)           0 (0.0%)     4 (4.3%)
                                       **3a**   3 (23.1%)          5 (18.5%)    24 (25.5%)
                                       **3b**   5 (38.5%)          8 (29.6%)    51 (54.3%)
                                       **3c**   0 (0.0%)           2 (7.4%)     8 (8.5%)

The prevalence of cases with high TTG IgA antibody (*n* = 121) and negative intestinal biopsy (*n* = 16) was 13.22% ([Table 2](#j_jtim-2020-0008_tab_002){ref-type="table"}). A Spearman correlation was performed to assess the relationship between biopsy groups and TTG IgA antibody titers. There was a moderate positive correlation between intestinal biopsy groups and TTG IgA antibody titers (*r*~s~ = 0.4), which is statistically significant at *P*-value of 0.001 ([Table 4](#j_jtim-2020-0008_tab_004){ref-type="table"}).

###### 

Correlation between intestinal biopsy groups and TTG IgA antibody titers.

                               Marsh Intestinal biopsy groups   *P*-value
  ---------------------------- -------------------------------- -----------
  **Spearman's RHO TTG IgA**   0.369^\*^                        0.001\*

\* Correlation is significant at the 0.05 level (2-tailed).

Discussions {#j_jtim-2020-0008_s_005}
===========

Diagnosis of CD traditionally depends on the combination of serologic markers and intestinal biopsies. The European and North American gastroenterology society guidelines require a biopsy for diagnosis; however, in some recent guidelines, there have been some relaxation for the biopsy part and it is diagnosed solely by serology.^\[[@j_jtim-2020-0008_ref_014],[@j_jtim-2020-0008_ref_015]\]^ Recent guidelines have proposed that there is a correlation between TTG antibody titers and degree of small bowel changes on duodenal biopsy and that duodenal biopsy can be omitted in some patients with high levels of TTG antibody.^\[[@j_jtim-2020-0008_ref_016]\]^ In this perspective, according to Donaldson *et al*., antibody testing showed high accuracy, particularly in symptomatic patients, and TTG IgA is considered to be one of the first-line tests in recently updated clinical guidelines. ^\[[@j_jtim-2020-0008_ref_017]\]^

We conducted this study to determine the correlation between TTG IgA and duodenal biopsy changes in our region and compare with other data. Age distribution in our study starts from 16 years because we did not include patients below 15 years of age. However, the maximum age in our study was 37 years with the range of 16--37 years. This is in contradiction with one study conducted in Denmark particularly for demographic purpose,^\[[@j_jtim-2020-0008_ref_018]\]^ in which they found age range from 0 to 88 years. Female preponderance in our study (73%) is comparable with this as well as other international studies. ^\[[@j_jtim-2020-0008_ref_019]\]^ Extensive literature review and meta-analysis performed by McCarty *et al*.^\[[@j_jtim-2020-0008_ref_020]\]^ revealed that duodenal bulb biopsy increases the diagnostic yield by 5% and 4% in adults and children, respectively. In our study, although there was no strict criteria for duodenal bulb biopsy, but overall 9.3% (*n* = 13) of patients with CD were diagnosed on biopsy alone, with TTG IgA level \<20 units. Conversely, 13.22% (*n* = 16) patients had positive serology but negative biopsy but was labeled as celiac based on the response to GFD. False-positive TTG IgA antibodies are very rare,^\[[@j_jtim-2020-0008_ref_021]\]^ are typically of low titer, and more often occurs with older assays. It could also be attributed to potential CD, where patients develop clinical features and histologic findings late, although TTG IgA will be positive quite early in the course. ^\[[@j_jtim-2020-0008_ref_022]\]^ In our study positive predictive value of TTG IgA in relation to biopsy result was 88.6%, which means that in this study, 118 of 134 patients had positive biopsy. This is comparable with one study coducted in the Netherlands where PPV was 89%. However, considering all patients had CD, based on the response to GFD irrespective of biopsy results, PPV may be assumed as 100% in our study. Biopsy yield may be increased further by following the recommended protocol for duodenal biopsy, that is, 4 from distal duodenum and 2 from bulb.^\[[@j_jtim-2020-0008_ref_023]\]^ Furthermore, experienced histopathologist in relevant field might matter in improving diagnostic yield.^\[[@j_jtim-2020-0008_ref_024]\]^ Various studies propose that high levels of circulating immunoglobulin IgA tissue transglutaminase (TTG2) antibodies can predict CD with high specificity. The optimal cutoff point of IgA anti-TTG level to recognize patients who may not need a biopsy varies between assays. Some reports suggest a cutoff point of a TTG IgA titer \>10 times the upper limit of normal (ULN),^\[[@j_jtim-2020-0008_ref_025]\]^ whereas others such as Zanini *et al*.^\[[@j_jtim-2020-0008_ref_026]\]^ found that titers exceeding 5 times the ULN showed 100% specificity and PPV for duodenal atrophy. Alessio *et al*.^\[[@j_jtim-2020-0008_ref_027]\]^ reported that all patients with IgA anti TTG IgA titers \>7 times the ULN showed histologic features of CD.

Others found that when the TTG IgA titer is \>100 U/ mL, biopsy is not mandatory to confirm the diagnosis, particularly in symptomatic patients.^\[[@j_jtim-2020-0008_ref_028]\]^

However, it is quite common to observe histologic findings of Marsh 3 in patient having TTG antibody levels \>100 units and for Beltran *et al*., it was possible to characterize a TTG2 antibody cutoff with 100% specificity for Marsh 3 histology, at just \>10 times the ULN. ^\[[@j_jtim-2020-0008_ref_029]\]^ In our study, 70% (*n*=94) of patients had TTG IgA levels \>100 units. Of this, 92.5% (*n*=87) of patients belongs to Marsh intestinal biopsy 2 and above. It is also notable that 13 patients had \<20 units of TTG IgA antibody levels, and of this, 8 patients were also found to be have histological changes of Marsh group 2 and above for intestinal biopsy group. It is also evident that lack of technical proficiency with grasping biopsy forceps and failure to follow protocol of endoscopic duodenal biopsy make the possibility of CD diagnosis in only 90% of cases. ^\[[@j_jtim-2020-0008_ref_030]\]^ Furthermore, CD may be missed during histologic examinations owing to variations in different pathologist's assessments.^\[[@j_jtim-2020-0008_ref_031]\]^

Conclusion {#j_jtim-2020-0008_s_006}
==========

In the perspective of high prevalence of CD in KSA, even more than western countries, we can pretend that positive TTG IgA antibody tests can be applied for the diagnosis of CD without biopsy, particularly in symptomatic patients along with high titer, that is, 5--10 times the ULN. However, to validate it further, we need large-scale prospective studies in which duodenal biopsies should be taken according to the recommended protocol and should be interpreted by experienced pathologist. Furthermore, biopsy is still needed in patients who do not show clinical improvement on a GFD and in cases with mildly or moderately elevated TTG IgA.
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